Swine residue (SR) applied as nutrient source of crops such as corn, bean, soybean and wheat, besides representing an environmental-friendly way of disposing of organic waste resulting from swine production, may significantly increase grain yields, replacing mineral fertilizer. the objective was to evaluate the effect of SR rates on corn, common bean, soybean and wheat yields from 2002 to 2007, in comparison with mineral fertilizer. the experiment was carried out at the instituto agronômico do Paraná -iaPaR, Pato Branco, PR and consisted of increasing SR rates (0, 15, 30, 45, and 60 m 3 ha -1 ) and one treatment with mineral fertilizer (nPK 4-30-10), using 250 kg ha -1 for bean and 300 kg ha -1 for corn, soybean and wheat. also, in the treatment with mineral fertilizer, 60, 120 and 90 kg ha -1 n was applied as topdressing to bean, corn and wheat, respectively. there were significant increases of grain yield in all evaluated years and crops with increasing SR rates, especially in the grass species under study. also, with increasing SR rates applied every six months, K, P, ca and mg were accumulated in the soil and the ph increased. the application of 60 m³ ha -1 SR increased yields and exceeded the yield obtained with the recommended mineral fertilizer, indicating this amount as adequate for these crops. index terms: fertilizer, micronutrient, foliar nitrogen, organic residues, foliar phosphorous.
intRoduction the swine residues (SR) as a function of their chemical characteristics have a high fertilizing potential, which may replace, in part or totally, mineral fertilizer to increase crop productivity and reduce the production costs of farms, especially in major swine producers. in addition, the application of SR in the soil has been advocated as an alternative to reduce its polluting effects to the environment, with benefits both technical and economic (Queiroz, 2004) , enabling to develop an integrated livestock and agriculture, thus diversifying the source of income and promoting economic stability in the property (Konzen, 1997) .
the South Region of Brazil accounts for approximately 60 % of technified swine production, generating approximately 450.5 million tons of waste per year (Konzen, 2003) . in 2010, the pork production was estimated at 3.19 million tons, i.e., an increase of almost 20 %, of which 57 % was concentrated in the states of Paraná, Rio Grande do Sul and Santa catarina, the latter with the largest share (Abipecs, 2010) , which would generate 540 million tons of waste; this fact alone calls for the study of ways of using SR.
the recommendation of reference doses of SR is somewhat difficult due to the variability in nutrient concentrations among swine farms. Also, the response of grass and legume crops may differ, considering the biological n fixation by the legume crop. Scherer et al. (1986) recommended the application of 40 m 3 ha -1 SR as reference for corn production, whereas ceretta et al. (2005) observed a greater corn grain yield at 85 m 3 ha -1 SR. Results of corn response to SR fertilization were reported elsewhere (Almeida, 2000; franchi, 2001 ), but there is little information about the response to SR application in soybean, common bean, wheat and corn grain yield in the same area in consecutive years using this organic fertilizer.
this work aimed to evaluate the potential of SR as fertilizer on maize, common bean, wheat and soybean yields by increasing doses of manure and comparisons with the use of mineral fertilizer.
matERialS and mEthodS
the experiment was initiated in november 2002 in an area of the instituto Agronômico do Paraná (iAPAR) in Pato Branco, state of Paraná, in the physiographic region called the third Paraná Plateau (latitude 26º 07' S, longitude 52º 41' w; 700 m asl). the rainfall in the last 10 years was on average 2000 mm per year. the regional climate was classified as cfb (humid subtropical), according to Köppen (maak, 1968) and the soil as oxisol (Embrapa, 2006) . the soil chemical properties were determined before the implementation of the experiment and in 2006 (tables 1 and 4). the crop succession used in the six years of evaluation consisted of corn, bean or soybean in the summer crop and wheat or oats in winter (table 2) . the grain yield of these crops, except for the oats, is presented in this paper.
the experiment was arranged in a randomized complete block design with four replications. the treatment consisted of the application of SR doses of 0, 15, 30, 45, and 60 m 3 ha -1 and a treatment with mineral fertilization of 250 kg ha -1 for common bean and 300 kg ha -1 nPK 4-30-10, for corn, soybean and wheat, plus 60, 120 and 90 kg ha -1 n as side dressing for common bean, corn and wheat, respectively, in 2002, 2003, 2004, 2005, 2006 and 2007 . fertilization with n alone was applied in the mineral fertilizer treatment to corn, wheat and common bean.
in the plot with mineral fertilization no SR was applied. the mineral fertilizer was applied in the rows of the respective crop (base fertilization), while n in these plots was applied as sidedressing when the plants had 4-6 true leaves (stage V4 to V6).
SR rates were applied one week before each sowing date of respective crops, in other words, approximately every six months, resulting in a total of 10 SR applications to each plot over the six study years. the chemical characterization of SR (table 3) was based on the averages of the organic fertilizer analysis in the six years of evaluation, with no significant differences among the years at a significance level of 5 %. the SR dry matter was determined (4.6 ± 0.5 % dm) after oven-drying the manure at 65 °c to constant weight. the pH and total n content of the manure was determined by methods used by Almeida (2000) . the P and K levels were analyzed as described by tedesco et al. (1995) . the pH of the slurry was 7.5 ± 0.3. corn, soybean, common bean and wheat were sown in the no-tillage system. Each corn plot consisted of five rows spaced 0.90 m apart with approximately 5.5 plants m -1 . the corn hybrid Pioneer 30f53 was planted at a density of approximately 60,000 plants ha -1 . three central rows of each plot were harvested to evaluate the maize grain yield, eliminating 1m from each end, resulting in a total assessed area of 21.6 m 2 .
Each wheat plot consisted of 26 rows in which cultivar iPR 136 was sown, in a row spacing of 0.17 m and a plant density of approximately 350 seeds m -2 . the wheat grain yield of an estimated area of 31.5 m 2 in the plot was harvested and assessed.
for common bean each plot consisted of 10 rows spaced 0.45 m apart and 16 seeds of cultivar iAPAR A semeadura da soja foi realizada no espaçamento 0,45 m. Soybean cultivar codEtc 205 was planted in rows spaced 0.45 m apart, on the wheat residues, at a density of 300,000 seeds ha -1 . the soybean grain yield was evaluated from a harvested area of 7.2 m 2 .
for the grain yield of all crops, the mass was corrected to 13 % moisture and converted to kg ha -1 , and the crop-specific cultural treatments were applied when necessary with constant monitoring.
the sampling for foliar analysis in maize was performed only in the 2006/2007 growing season, in the flowering stage, when more than 50 % of the plants were in full flowering, and the first leaf opposite the first ear was collected. the leaves were dried in a forced air oven at 60 °c and then ground and sent to the laboratory for the foliar analysis of n, P and K by the Kjeldahl method, as described by tedesco et al. (1995) .
the results of the evaluations were submitted to analysis of variance. the homogeneous variables in the treatments were assessed by the f test. when the results were significant at 5 %, polynomial regressions were fitted to the SR rates and grain yield, seeking the model with the highest degree of significance. the maximum technical efficiency (mtE) was obtained from the maximum point of a quadratic equation. the statistical program used was StAtGRAPHicS ® (manugistics, 1997).
RESultS and diScuSSion
corn maize production increased linearly with the application of SR doses in all seasons (figure 1a). the greatest response was observed in the corn crop of 2006/2007 growing season, where each cubic meter of SR applied corresponded to an increase of 59.9 kg ha -1 corn grain. in 2002/2003 and 2004/2005 , the increases were 25.7 and 54.1 kg ha -1 grain per cubic meter of applied SR, respectively. the differences between the harvests were mainly due to the gradual yield increase over the years, which may be coupled to an improvement in soil fertility (table 4) due to the SR application (ceretta et al., 2003; Berwanger et al., 2008) , and an increase in the water retention capacity, reducing erosion, improving aeration and creating a better environment for the development of soil microbial flora by the addition of organic matter to the soil, especially in no-tillage systems (Alves et al., 2008) .
when adding the grain yield of three corn crops after the consecutive SR applications, it was observed that the rate of 60 m 3 ha -1 SR resulted in a higher yield than mineral fertilization based on soil analysis (figure 1b). the grain yield increased by 55 % at 60 m³ ha -1 SR over the unfertilized control, while the mineral fertilizer increased the yield by 51 % over the control. in the 2006/2007 growing season there was also an increase in n and P contents (figure 2) in corn leaves, confirming the contribution of organic fertilizer to the availability of nutrients required by the maize crop. the response in maize n content to the application of increasing SR doses had a quadratic behavior, where the dose of 39.43 m 3 ha -1 SR resulted in a higher accumulation of leaf n, with 20.6 g kg -1 ( figure 2a) . the decrease of n content at higher SR rates can be explained by the model of dilution of n proposed by Lemaire et al. (1997) .
According to malavolta (1981), the value indicated as the critical level in the maize leaf is approximately 30 g kg -1 n, although this value can sink to a level of 10.1 g kg -1 when analyzing the whole plant. the same results were found by trani et al. (1983) , who proposed the concentration of 30.0 g kg -1 n as the critical level for the crop. the n leaf concentration at a SR dose that reached the maximum technical efficiency (39.4 m 3 ha -1 SR) was greater than that found in the mineral fertilizer treatment with base fertilization plus n as sidedressing, which resulted in a content of 19.2 g kg -1 n in leaves.
the P accumulated in corn leaves was quadratically related to increasing SR doses, and the mtE was reached with 42.8 m 3 ha -1 SR, which resulted in the content of 3.06 g kg -1 (figure 2b). this is higher than the critical value for corn of 2.2 g kg -1 (trani et al., 1983) . Barcellos (1991) noted that with the application of 40 m 3 ha -1 SR, the P uptake increased by 38 % in corn shoots. in this paper, the application of 30 m 3 ha -1 SR resulted in an increase of 32 % in P uptake compared to the control treatment. the P leaf concentrations in the mineral fertilizer treatment were lower than the SR rate that reached mtE, however did not differ, but were characterized as sufficient for crop development.
the Zn contents in the leaves had a quadratic relation to the accumulation of the nutrient, and mtE was achieved at 41 m 3 ha -1 SR, leading to a content of 18.7 mg kg -1 (figure 2c). the observed value was below the critical level mentioned by trani et al. (1983) of 20 mg kg -1 Zn in corn leaves.
According to Pereira et al. (2007) , the critical level for Zn deficiency is in the range of 15-20 mg kg -1 . in the mineral fertilizer treatment, the nutrient concentration was low, which can be related to the fact that this nutrient is present in the applied fertilizer mixture. the Zn is among the minerals with the greatest impact, in view of the low plant demand and its excessive concentration in swine manure, owing to the high doses used in animal feed and low assimilation by animals. the other nutrients K, ca, mg, cu, and mn determined in the corn leaf were not affected by increasing SR doses with an average of 24.3 g kg -1 , 4.3 g kg -1 , 2.8 g kg -1 , 17.3 mg kg -1 and 53.4 mg kg -1 , respectively, and did not differ from mineral fertilization with leaf concentrations of 26.2 g kg -1 , 4.0 g kg -1 , 2.6 g kg -1 , 12.1 mg kg -1 , and 52.9 mg kg -1 for K, ca, mg, mn, and cu, respectively. All other nutrient values were above the levels considered critical for the crop, with the exception of ca. in the sum of the wheat grain yield of three years, the result of applying over 30 m 3 ha -1 SR exceeds the yields with mineral fertilization. ceretta et al. (2005) assessed SR doses in winter crops and observed a linear increase in dry matter production and grain yield, confirming the results obtained with wheat production in the experiment. Aita et al. (2006) observed an increase in oat dry matter production of 109 % over the control at 80 m 3 ha -1 SR. in a study performed by Assmann et al. (2007) with a mixture of forage oat + ryegrass, the greatest response in forage yield was observed at 80 m 3 ha -1 SR, providing an increase of 34 % over the control treatment without SR. this yield increase can also be due to the increase in n caused by the application of SR because, n is a major component of SR of which about 50 % is in the mineral form (ceretta et al., 2003) . when n is applied, it has an immediate effect on plant growth and this may explain the higher yield achieved in the SR treatments compared to the treatment in which mineral fertilizer is used (figure 3b). when the yield obtained with SR is compared to the use of mineral fertilizer, the effect for the use of SR was higher in all growing seasons, in the case of common bean for quantities above 45 m 3 ha -1 SR. in a study of Shen & Shen (2001) with SR application to common bean the increased dry mass yield was confirmed and attributed to the higher P, K and ca concentrations in the plant leaves that received SR, considering the symbiotic nitrogen fixation capacity of this legume. Scherer (1986) evaluated grain production in maize/bean and bean/maize systems in two soils (oxisol and inceptisol) using manure and mineral n; the response in grain yield in common bean was achieved with the application of 80 and 40 kg ha -1 n on both soils, with grain yield increases of 37 and 33 % compared to the control, respectively. the responses with manure were achieved with 80 m 3 ha -1 for both soils with a 42 % increase, compared to the control. of 25 % compared to the control without SR ( figure  5 ). the average production in the mineral fertilizer treatment was 2,405 kg ha -1 , equivalent to the application of 50 m 3 ha -1 SR. techio et al. (2009) observed grain yields of 1,657 kg ha -1 , in the control plot to 2,352 kg ha -1 with the application of up to 88 m 3 ha -1 SR, unlike in our study, since it was the third year of SR application.
with use of up to 45 m 3 ha -1 SR, soybean yield did not change (figure 5). this difference in response of soybean compared to corn, wheat and common bean is primarily because soybean has a good capacity for symbiotic n fixation. the response of soybean can be attributed to n, but also to the amounts of other nutrients applied via SR, which can possibly supply the crop with the use of 60 m 3 ha -1 SR.
the responses of the four crops were basically a result of soil fertility improvement due to SR application Assmann et al., 2007; Berwanger et al., 2008) , which is observed in table 4. from 2002 to 2006, the soil pH increased as result of SR and mineral fertilizer applications. we also observed an increase in the concentration of om and mineral n at higher SR rates. in addition, K, P, ca and mg accumulated in the soil by the successive applications and increasing SR doses, as reported by Sherer et al. (2010) . these conditions were reflected in the crop response in grain yield and leaf nutrient content.
Applying rates of 0-80 m 3 ha -1 , Assmann et al. (2007) observed increased K content (0.37 to 1.35 cmol c dm -3 ) in the 0-5 cm layer. these same authors also noticed Al 3+ reduction and pH increase, which was attributed to the formation of soluble organic complexes with the organic acids (citric, tartaric, malonic, oxalic) present in the organic material, which were leached to deeper soil layers, and by the formation of insoluble complexes with organic substances of high molecular weight, adsorbed on the surface of soil particles (miyazawa et al., 1993) .
Some authors show that soil P content of 50 and 120 mg dm -3 or higher, are considered high and critical (Sharpley & Halvorson, 1994) . However, the maximum found in this study was 28 mg dm -3 P. mineral n as well, when excessive in the soil, can result in contamination problems. However, in the same soil class, Assmann et al. (2007) found no leaching of mineral n for applications up to of 80 m 3 ha -1 SR, with values above 92 mg dm -3 n of soil in the 0-5 cm layer, above the value found in 2006 in this study (table 4) . the om content in the soil did not change with increasing SR doses. Scherer et al. (2010) found no increase either in soil organic matter with SR application, and attributed this to the low om contents of the SR, for which in the present study 4.6 % dm was found. this effect may have resulted in little variation in the mineral n concentrations at different SR rates. in addition, the considerable nutrient extraction with the grain yields of corn, soybean, common bean, and wheat must also be taken into account. concluSionS 1. the application of swine residue to maize, bean, soybean and wheat crops increases the grain yield and can replace the use of mineral fertilizer by the application of SR rates of 45-60 m³ ha -1 .
2. the semiannual applications within six years of study contribute to the improvement of crop yields, increasing the K, P, ca and mg content in the soil.
3. the n, P and K concentrations in maize leaf increased with increasing SR applications, indicating that SR could be used as a nutrient source with specific dosage. 
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